A field experiment involving the cultivation of common valerian was conducted on loess soil in Abramów (Lublin region) in the period [2007][2008][2009]. Qualitative parameters of herbal raw material obtained from this plant as well as in-crop weed infestation were evaluated depending on the protection method and forecrop. Hand-weeded plots, in which a hand hoe was used, were the control. In the other treatments, weeds were controlled using various herbicides and a mechanical implement (brush weeder). Potato and winter wheat + field pea cover crop were the forecrops for common valerian crops. A hypothesis was made that the use of a brush weeder and herbicides not registered for application in valerian crops would have a positive effect on this plant's productivity and weed infestation in its crops. It was also assumed that the introduction of a cover crop would allow the elimination of differences in the forecrop value of the crop stands in question.
A b s t r a c t
A field experiment involving the cultivation of common valerian was conducted on loess soil in Abramów (Lublin region) in the period [2007] [2008] [2009] . Qualitative parameters of herbal raw material obtained from this plant as well as in-crop weed infestation were evaluated depending on the protection method and forecrop. Hand-weeded plots, in which a hand hoe was used, were the control. In the other treatments, weeds were controlled using various herbicides and a mechanical implement (brush weeder). Potato and winter wheat + field pea cover crop were the forecrops for common valerian crops. A hypothesis was made that the use of a brush weeder and herbicides not registered for application in valerian crops would have a positive effect on this plant's productivity and weed infestation in its crops. It was also assumed that the introduction of a cover crop would allow the elimination of differences in the forecrop value of the crop stands in question.
The best quantitative and qualitative parameters of common valerian raw material as well as the largest reduction of incrop weed infestation were recorded after the application of the herbicides which were not type approved. The use of the brush weeder in the interrows also had a beneficial effect on productivity of the plant in question, but secondary weed infestation at the end of the growing season of common valerian turned out to be its disadvantage. Traditional crop protection methods used in common valerian crops were less effective in weed infestation reduction and they resulted in lower plant productivity and raw material quality. Potato proved to be a better forecrop for common valerian than winter wheat + field pea; however, this positive effect was not confirmed statistically. The following annual weeds: Chenopodium album, Galinsoga parviflora, Stellaria media, were predominant in the common valerian crop. Traditional weed control methods resulted in the dominance of some dicotyledonous weeds, such as Viola arvensis, Galium aparine, Capsella bursa-pastoris.
INTRODUCTION
Common valerian (Valeriana officinalis L.) belongs to the valerian family (Valerianaceae). This is a perennial whose roots and rhizomes are one of the most commonly used herbal raw materials. The abovementioned vegetative organs are rich in essential oil and valepotriates. In Poland, in particular in the Lublin region, common valerian belongs to the leading group of cultivated medicinal plants. In spite of a long-term tradition in growing this plant, we observe problems with obtaining herbal raw material of appropriate quality, and one of the reasons for this situation is onerous weed management or improper crop sequence (R u m i ń s k a , 1991; K w i a t k o w s k i , 2008a). The greatest deficiency is the control of dicotyledonous weeds, since in Poland there are few registered herbicides for foliar application which can be used after planting valerian seedlings when an increased competitiveness of weedy species occurs (K w i a t k o w s k i , 2008b). Hence, there is an ongoing need to carry out research on the use of foliar-applied herbicides which are not type approved for use in common valerian crops as well as to seek effective methods of mechanical weed management. As shown in some studies (K w i a t k o w s k i , 2009), the cultivation of herbal plants with a wide row spacing (30-50 cm) makes it possible to use some known, but less frequently used tools such as, e.g., a weeder harrow or a mechanical implement -a brush weeder -which is not very common in our country (M e l a n d e r et al. 2005) . The interest in mechanical methods results from the fact that many herbicides are phytotoxic for herbs ( The above arguments allowed us to make a hypothesis that the protection of common valerian crops by using a new herbicide mixture, which is not type approved, or through weed management using a mechanical implement (brush weeder), would allow higher yields to be obtained, in terms of their quality and quantity, compared to a traditional manual method of removing emerging weeds, coupled with soil loosening in interrows. It was also assumed that the cultivation of common valerian in a worse stand (winter wheat) could produce satisfactory rhizome and root yields (at a yield level obtained after a root forecrop) thanks to the application of a field pea cover crop.
The aim of this study was to analyse the biometric traits and yielding of common valerian as well as to evaluate the status of weed flora in a crop of this plant as a result of using different weed management methods and two crop stands.
MATERIALS AND METHODS
The present field study was carried out in the period 2007-2009 in Abramów (Lublin region). The experiment was set up using a split-plot design, with 3 replicates, in 12 m 2 plots. Common valerian (var. Lubelski) was grown on grey-brown podzolic soil developed from loess (pH in 1 mol KCl = 6.4), classified as good wheat complex and characterized by high availability of essential macronutrients (P = 169; K = 172; Mg = 73 mg kg-1 ). The humus content was 1.52%. Conventional flat cultivation was used in which the density of seedlings (planted in the 1st decade of May) was 50 x 30 cm (65 thousand plants per 1 ha) each year. Mineral fertilization was applied in spring at the following amounts, converted into 1 ha: N -30 kg prior to planting and 30 kg applied as top dressing, P -20 kg, K -40 kg. Mineral N fertilization was applied in the form of 34% ammonium nitrate, P in the form of 46% granulated triple superphosphate, whereas K in the form of 50% potassium salt.
The experiment design included the following factors:
I. Weed control method: A -manual removal of emerging weeds (hoeing), coupled with soil loosening in interrows at the 3-4 leaf stage (control), B -recommended herbicides -Reglone Turbo 200 SL (diquat) -1.5 l ha -1 -before planting valerian seedlings, and Fusilade Forte 150 EC (fluazifopp-butyl) -1 l ha-1 -at the 3-4 leaf stage, C -herbicides not registered for application in common valerian crops -Panida 330 EC (pendimethalin) -1.5 l ha -1 , and Gallant Plus 104 EC (haloxyfop-R) -1 l ha -1 -at the 3-4 leaf stage, D -mechanical weed removal in interrows -brush weeder -at the 3-4 leaf stage. II. Forecrop plant: 1. potato, 2. winter wheat + stubble crop (field pea), ploughed in in autumn.
Conventional tillage was used, adapted to the specificity of the plant in question. The herbicides (treatments B-C) were applied using a field sprayer under a pressure of 0.25 MPa. The brush weeder (treatment D) is a mechanical machine, PTO-powered and equipped with brushes with semi-rigid plastic bristles. The brushes are mounted on a vertical axle; they cover a row and "sweep out" weeds in interrows (B o n d and G r u n d y , 2001). The crop plant is protected against damage by special crop shields. This implement makes it possible to remove weeds at a row spacing of 25-50 cm, growing very near to the crop plants, about 3-4 cm from each side of the row (V a n der W e i d e et al. 2005) .
At full growth of common valerian (the 6 to 8 leaf stage), during the culmination of development and harmfulness of the weed flora (K w i a t k o w s k i , 2008a), an evaluation of in-crop weed infestation was made using the botanical and gravimetric method, during which the number, species composition and weight of weeds were determined in each plot, within a 0.5 x 1 m 2 frame, in two replicates. Roots and rhizomes were harvested in the first decade of October. After harvest, raw material was rinsed and cleaned, then dried in a drying oven at a temperature of 35°C and subjected to measurements in order to determine the following: weight, number, diameter and length of roots. The biometric traits were determined based on 30 randomly selected organs sampled from each plot. After drying, the roots and rhizomes were subjected to qualitative analysis which was conducted based on Polish Pharmacopoeia VIII. The determination of essential oil content was made using steam distillation (method 2.8.12., Polish Pharmacopoeia VIII), whereas the valerenic acid content was determined by the liquid chromatography method (methanol) using a spectrophotometer (method 2.2.29., Polish Pharmacopoeia VIII).
The study results were statistically verified, determining the significance of differences using Tukey's test, with a 5% risk of error.
RESULTS AND DISCUSSION
The weed control method and type of forecrop had a significant effect on the average number of common valerian roots (Table 1 ). The highest number of roots was found under the treatment C conditions (weed control using the herbicides which are not type approved for application in herbs -pendimethalin + haloxyfop-R). The number of valerian roots per plant in the abovementioned treatment was higher by 24% compared to the parameter concerned in the control treatment (A), as well as by 21% (relative to treatment B) and 8% (treatment D). The application of mechanical weed management in the common valerian crops using the brush weeder (D) resulted in a significant increase in the number of roots per plant compared to treatments A and B by 17% and 15%, respectively. The cultivation of common valerian in the stand after potato promoted the formation of a larger number of roots, by ca. 5% compared to that recorded in the treatments with a cereal forecrop and a cover crop.
Specification
Weed control method Table 1 Weed removal in the interrows using the mechanical implement -brush weeder -had the most advantageous effect on the thickness of common valerian roots (Table 3) . Significantly thicker roots of this plant were then obtained in comparison to the control treatment A (by 14%) and in particular relative to treatment B (by 20%). Weed management by applying the mix-There are few studies on the effect of weed control methods in common valerian crops on the morphological traits of this plant. It can only be said that the biometric parameters of valerian roots obtained in the present experiment were within the range characterizing the morphological traits of the variety Lubelski, and they were close to the results obtained by other authors (G r u s z c z y k , 2007; S z c z e p a n i k and W i ś n i e w s k i , 2009). Root thickness is of particularly great importance for the technological value of common valerian raw material. Thick-root raw material is preferred by farmers. Thicker roots are easier to clean and they reduce losses at harvest and during drying, which has a beneficial effect on herbal raw material yields (K w i a t k o w s k i , 2008a). ture of herbicides not type approved for use in valerian plantations (treatment C) also produced a measurable effect in the form of increased root thickness (by 15%) relative to treatment B (weed control using the recommended herbicides). The crop stand did not have a visible effect on the morphological traits of valerian roots.
Weed control method Table 1   Table 3 Common valerian root thickness (in mm) -mean for [2007] [2008] [2009] Irrespective of the type of forecrop, roots dominated in total yield of common valerian raw material (75-79%) relative to rhizomes (21-25%) - Table 4 , which is in agreement with the observations of G r u s z c z y k (2007). The weed control method used in the valerian plantation did not significantly affect the proportion of roots in yield. However, it should be noted that there was a clear tendency towards an increasing proportion of roots and a significant decline in the proportion of rhizomes in total yield as a result of mechanical weed removal (treatments A and D), coupled with soil loosening in the interrows. Table 1 The average total yield of common valerian roots and rhizomes, expressed in t ha -1 , showed a significant correlation with the weed control methods used in the experiment (Table 5 ). The traditional weed management methods involving hand hoeing in the interrows (A) or the application of the "conventional" herbicides (B) had a smaller effect on common valerian productivity in comparison with the innovative weed control methods (treatments C and D). The herbicide mixture (pendimethalin + haloxyfop-R) resulted in increased valerian yields by ca. 16% compared to treatments A and B, whereas weed removal using the brush weeder increased raw material yields of this plant by ca. 14%. In spite of the absence of significant differences, the stand after potato proved to be more advantageous for valerian productivity in comparison with the cereal forecrop supported by cover cropping. The difference in valerian yield was 0.15 t ha -1 in favour of the root forecrop. Table 1 Earlier studies of K w i a t k o w s k i (2008a; 2008b) on weed control methods in common valerian crops show, similarly to the results of the experiment in question, that it is highly advisable to test herbicides not registered for application in crops of this plant. They showed a positive impact of some herbicide mixtures such as, e.g., metamitron + fluazifop-p-butyl, 2.4-D + dicamba + fluazifop-p-butyl, metamitron + propaquizafop as well as pendimethalin + haloxyfop-R, on valerian productivity, without any clear phytotoxic effect on this herbal plant. In turn, field experiments with the use of a brush weeder in interrows of other herbal plants (sweet basil) prove the great usefulness of this mechanical implement in weed management and in the stimulation of increased yields of herbal raw material (B o n d and G r u n d y , 2001; K w i a t k o w s k i , 2009). The effectiveness of the brush weeder, and thereby the minimization of damage to the crop plant, is closely correlated to weather conditions and soil Table 1   Table 10 Effectiveness of weed control methods in common valerian crops determined at the 6-8 leaf stage of the tested plant: number of weeds per 1 m 2 -mean for [2007] [2008] [2009] type. Under conditions of high soil moisture content, a larger number of uprooted and broken plants are noted due to problems with guiding this implement evenly in interrows in such conditions (V a n d e r W e i d e et al. 2005; K w i a t k o w s k i , 2009).
The present experiment found a small impact of the crop stand on common valerian productivity and its morphological traits. Nevertheless, potato proved to be a better forecrop for common valerian. Studies on the effect of a forecrop plant on common thyme yielding, carried out by K w i a t k o w s k i and K o ł o d z i e j (2005) as well as by K w i a t k o w s k i (2007b), confirm the positive impact of a root forecrop on weed infestation reduction, thereby on increased productivity of a herbal plant. Root forecrops are also recommended for valerian by R u m i ń s k a (1991) .
From the point of view of the pharmaceutical industry, the chemical composition of common valerian raw material is the most important. The present study results demonstrate that the significantly highest content of both essential oil (Table 6 ) and valerenic acids (Table 7) was obtained from roots and rhizomes harvested from the plots in which the mechanical weed removal methods had been used (treatments A and D), which is confirmed by earlier studies of K w i a t k o w s k i (2008b). Chemical weed control, regardless of herbicide type, resulted in a decrease in essential oil content by 0.13-0.32% of dry weight (DW), whereas in the case of valerenic acids by 0.03-0.06% of air-dry weight (ADW) compared to the mechanical methods (Tabs 6-7). The forecrop also had a significant effect on the chemical composition of common valerian. The cultivation of this herbal plant in the stand after potato resulted in an increased content of essential oil and valerenic acids by 0.12% and 0.04% ADW, respectively, relative to the results from the treatments in which the cereal forecrop had been used. A study by G r u s z c z y k (2007) also shows that ecological or integrated methods of common valerian cultivation produce a more beneficial impact on the chemical composition of raw material than conventional methods oriented towards chemical crop protection. However, it should be noted that in the present study the content of essential oil and valerenic acids, irrespective of the weed control method, was at a level which did not differ from the recommended standards and was close The weed control method had a significant effect on air-dry weight of weeds in the common valerian crop (Table 8) The highest weed weight was found in the control plot A, only hoed, and then in plot Btreated with the herbicides recommended by the Plant Protection Institute in Poznań. The new weed management methods (chemical and mechanical control -treatments C and D) allowed air-dry weight of weeds to be reduced to a level of 19-20 g m -2 , i.e. a value more than twice smaller than that recorded in the control treatment and smaller by 47% compared to treatment B. The winter wheat forecrop, together with the cover crop, significantly promoted higher weed infestation of the common valerian crop (by 19%), relative to the stand after the root plant, irrespective of the weed control method.
The weed management methods under investigation resulted in varying degrees of damage to the herbal plant in question (Table 9 ). The significantly lowest, and at the same time marginal, percentage of damage to valerian plants (0.3-0.6%) was observed for treatments A and B (traditional weed control) compared to the innovative protection methods (C-D) which caused damage in plants at a level of 5-6%. The valerian plants regenerated after 2-3 weeks, while the damage had no effect whatsoever on yield quality and levels. Similar tendencies were observed by K w i a t k o w s k i (2009) in the cultivation of sweet basil.
The effectiveness of the weed control methods and, to a lesser degree, of the forecrop applied was also reflected in the numbers of dominant weed species in the valerian crop (Table 10 ). The number of weeds showed a linear correlation with their air-dry weight (Table 8 ) and had the highest values for treatment A in which the following weed species were predominant: Chenopodium album, Galinsoga parviflora, Echinochloa cruss-galli (in the stand after potato) as well as Stellaria media, Viola arvensis, Capsella bursapastoris and Galium aparine (wheat + field pea). The application of the herbicides recommended by the Plant Protection Institute (treatment B) reduced the total number of weeds by 24-30%, but it promoted the propagation of some annual (Viola arvensis, Galium aparine) and perennial (Taraxacum officinale, Cirsium arvense) dicotyledonous species. The introduction of the herbicide mixture composed of pendimethalin + haloksyfop-R (treatment C) resulted in a reduction in the numbers of all dominant weed species in comparison to the control treatment (nearly twice, on average). The use of the brush weeder (treatment D) also limited effectively the quantitative development of the dominant weed species, resulting only in a compensation of the following monocotyledonous weeds: Echinochloa crus-galli and Elymus repens, probably due to the incomplete destruction of their root systems and, as a consequence, their quick regrowth. Regardless of the species composition of weeds, the mechanical protection methods caused the formation of species-richer communities (16-24 species), whereas the chemical methods reduced the biodiversity (14-18 species). The above described weed infestation levels in the common valerian crops, as dependent on the protection method and forecrop, are similar to the results of studies, reported in other papers, relating to common valerian 
